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1. 制备了 掺杂氧 化石墨 烯的聚 乙二醇二 甲基丙 烯酸酯 整体材料 






良好，检出限 (LOD，S/N=3)和定量限 (LOQ，S/N=10)分别在 0.04-0.19 μg/L 和






的线性相关性良好，LODs (S/N=3)在 0.095-0.31 μg/L 之间，LOQs (S/N=10)在
0.31-1.00 μg/L 之间，实际环境水样和果汁样品中不同浓度加标回收率分别在
75.6-99.4%和 81.6-114%之间。 
3. 基于离子液体 (ionic liquid，IL)的独特化学性质，本研究以 3-(1-乙基咪
唑)丙基甲基丙烯酰氧胺溴化盐为单体，乙二醇二甲基丙烯酸酯为交联剂，制备
了基于聚离子液体整体材料萃取饼 (SCSE-PILM)，由于该整体材料含有可与重


















性范围在 0.5-100 μg/L 之间，线性良好，LOD 为 0.084 μg/L，三种不同水样中锑
的三种不同浓度加标回收率在 79.4-107%之间，RSD 均小于 10.0%。 
4. 为了缩短分析时间和有效萃取环境水样中氯代酚类污染物，制备了基于
聚 (乙烯基咪唑-乙二醇二甲基丙烯酸酯)整体材料的固相微萃取纤维(monolithic 
fiber-solid phase microextraction, MF-SPME-VI/EDMA)，考察了制备条件和萃取条
件对其萃取效率的影响，利用多种手段对其结构进行表征。同时，与 HPLC/DAD
联 用 建 立 环 境 水 样 中 氯 代 酚 类 化 合 物 的 分 析 方 法 ， 所 建 立
MF-SPME-VI/EDMA-HPLC/DAD 方法的线性范围较宽，线性相关性良好 (R2＞























Monolithic materials were widely applied in the field of sample pretreatment due 
to the advantages such as facile preparation, good permeability, fast mass transport, 
ease of chemical modification. In present study, four novel porous monoliths were 
prepared and acted as extractive medium of stir cake sorptive extraction (SCSE) and 
monolithic fiber-based solid phase microextraction (MF-SPME). Simple, sensitive 
and environmentally friendly methods for the determination of  trace aromatic 
amines, benzoylurea pesticides, antimony and chlorophenols in environmental water 
samples were established by combining SCSE or MF-SPME with high sensitive 
analytical instruments. The main studies are as follows: 
1. Poly (ethylene glycol dimethacrylate/grapheme oxide) (EDMA/GO) monolith 
was synthesized and used as adsorbent of SCSE. The effect of the content of ratio of 
polymerization solution on extraction performance was investigated. The poly 
(EDMA/GO) monolith was characterized by infrared spectroscopy, scanning electron 
microscopy, transmission electron microscopy and elemental analysis. To obtain the 
optimal extraction conditions for aromatic amines (AAs), several extraction 
conditions including desorption solvent, pH and ionic strength in sample matrix, 
extraction and desorption time was investigated thoroughly. Under the optimal 
conditions, a novel method of SCSE-EDMA/GO followed by high performance liquid 
chromatography (HPLC/DAD) for the analysis of AAs in environmental water 
samples was proposed. Results showed that all linear dynamic ranges possess good 
linearity (R2＞0.99), the limits of detection (S/N=3) and limits of quantification 
(S/N=10) for the target analytes were 0.04-0.19 μg/L and 0.13-0.61 μg/L, respectively. 
The mean recoveries of 74.2-105% were obtained for target analytes in spiked 
environmental water samples. 
2. Using 3-acrylamidophenylboronic (APB) and divinyl benzene (DVB) as 
monomer and cross- linker, respectively, a new extraction medium of SCSE was 
prepared by in situ polymerization. The monolith was characterized by infared 
spectrum and scanning electron micrograph. Because there were multi- interactions 
such as boron-nitrogen coordination, hydrogen bond and hydrophobicity between the 
boronic-acid ligand and analytes, the poly (APB/DVB) monolith could extract the 















effective method was developed for the determination of benzoylurea pesticides in 
environmental water and juice samples by coupling SCSE-APB/DVB with 
HPLC/DAD. The results showed wide linear ranges and good repeatability.  The 
LODs for target analytes were 0.055-0.11 μg/L in water and 0.095-0.31 μg/L in juice, 
respectively. The developed method was successfully applied to the determination of 
benzoylurea pesticides residues in water and juice samples and satisfactory recoveries 
of spiked target compounds were in the range of 75.6-109%. 
3. To exploit the extraction of metal ions with ionic liquid, a new polymeric ionic 
liquid monolithic material was prepared by using 3-(1-ethyl imidazolium-3-yl) 
propylmethacrylamido bromide (EIPB) and ethylene glycol dimethacrylate (EDMA) 
as monomer and cross- linker, respectively. The monolithic material could extract the 
antimony effectively because the existence of coordinated N and O atoms in the new 
adsorbent. Elemental analysis, FT-IR and scanning electron micrograph were used to 
characterize the adsorbent prepared under the optimum conditions. Some key 
extraction parameters including desorption solvent, pH value of the sample matrix, 
extraction and desorption time, interference ions were investigated in detail. Based on 
this, a convenient and sensitive method for the analysis of antimony in environmental 
water samples was established by coupling SCSE-EIPB/EDMA-EDMA with hydride 
generation-atomic fluorescence spectrometry. The results showed the LOD and LOQ 
values of the developed method were 0.084 μg/L and 0.28 μg/L, respectively. 
Recoveries of antimony from different water samples were in the range of 79.4-107%, 
the relative standard deviations (RSD) were all below 10%.  
4. To shorten the analysis time and extract the chlorophenols in environmental 
water samples effectively, a porous poly (vinylimidazole/ethylene glycol 
dimethacrylate) monolithic fiber for solid phase microextraction (MF-SPME) was 
synthesized. Effect of the preparation and extraction conditions on extraction 
efficiency was investigated in detailed. The monolithic fiber was characterized by 
infrared spectroscopy, elemental analysis, scanning electron microscopy and mercury 
intrusion porosimetry. At the same time, a convenient, sensitive and quick analytical 
method for the determination of chrolophenols in environmental water samples was 
developed by combining with HPLC/DAD. Under the optimized conditions, the 
proposed method showed wide linear range, LODs and LOQs were 0.16-0.45 μg/L 
and 0.55-1.48 μg/L, respectively. The RSDs for intra- and inter-day precisions were 















the same time, satisfactory repeatability was achieved with RSDs < 9.0%.  
 
Key words : monolithic materials; stir cake sorptive extraction; monolithic fiber based 
solid phase microextraction; polymeric ionic liquid; poly (ethylene glycol 
dimethacrylate/graphene oxide); poly (3-acrylamidophenylboronic/divinylbenzene); 
poly (3-(1-ethyl imidazolium-3-yl) propylmethacrylamido bromide/ethylene glycol 
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如固相萃取 (solid phase extraction, SPE)[1]、加速溶剂萃取 (accelerated solvent 
extraction, ASE)[2]、超临界流体萃取 (supercritical fluid extraction, SFE)[3]、膜萃取
(membrane extraction, ME)[4]、微波辅助萃取  (microwave assisted extraction, 
MAE)[5]、固相微萃取 (solid phase microextraction, SPME) [6]、液相微萃取 (liquid 
phase microextraction, LPME)[7]、搅拌棒固相微萃取 (stir bar sorptive extraction, 
SBSE)[8]等。 
固相萃取技术因其具有萃取介质种类繁多、操作简便、有机溶剂用量少等诸






























1978 年 Subden 等[11]首次将商品化的键合硅胶引入到样品前处理中。通常用
于硅胶上的键合基团主要有 C18、C8、苯基、氰丙基、氨基和丙基苯磺酸基等，
硅胶是此类吸附剂的基质，一般在 pH 2.5-7.5 范围内比较稳定，如果使用 pH 值
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